Transferring the index of vulnerable homes : application at the local-scale in England to assess fuel poverty vulnerability by Castaño-Rosa, R et al.
Tra n sfe r rin g  t h e  ind ex of 
vuln e r a ble  ho m e s  : a p plica tion  a t  
t h e  local-sc al e  in E n gla n d  to  
a s s e s s  fuel pove r ty vuln e r a bility
Ca s t a ño-Ros a,  R, S h e r riff, GA, Tho m so n,  H,  Guz m á n,  JS a n d  
M a r r e ro,  M
h t t p://dx.doi.o r g/10.1 0 1 6/j.e n b uild.20 1 9.1 0 9 4 5 8
Tit l e Tra n sfe r ring  t h e  index of vulne r a ble  ho m e s  : a p plica tion  a t  
t h e  local-s c ale  in E n gla n d  to  a s s e s s  fuel pove r ty 
vulne r a bili ty
Aut h or s Cas t a ño-Ros a ,  R, S h e r riff, GA, Tho m so n,  H,  Guz m á n,  JS 
a n d  M a r r e ro,  M
Typ e Article
U RL This  ve r sion  is available  a t :  
h t t p://usir.s alfor d. ac.uk/id/e p rin t/53 0 2 4/
P u bl i s h e d  D a t e 2 0 1 9
U SIR is a  digi t al collec tion  of t h e  r e s e a r c h  ou t p u t  of t h e  U nive r si ty of S alford.  
Whe r e  copyrigh t  p e r mi t s,  full t ex t  m a t e ri al  h eld  in t h e  r e posi to ry is m a d e  
fre ely availabl e  online  a n d  c a n  b e  r e a d ,  dow nloa d e d  a n d  copied  for  no n-
co m m e rcial p riva t e  s t u dy o r  r e s e a r c h  p u r pos e s .  Ple a s e  c h e ck  t h e  m a n u sc rip t  
for  a ny fu r t h e r  copyrig h t  r e s t ric tions.
For  m o r e  info r m a tion,  including  ou r  policy a n d  s u b mission  p roc e d u r e ,  ple a s e
con t ac t  t h e  Re posi to ry Tea m  a t :  u si r@s alford. ac.uk .
1 
 
Transferring the Index of Vulnerable Homes: application at the local-scale in England to assess 
fuel poverty vulnerability 
 
Raúl Castaño-Rosa (corresponding author), Department of Building Construction II, University of Seville, 
Avenue Reina Mercedes, 4-a 41012, Seville, Spain. Email: raulcastano90@gmail.com. 
Graeme Sherriff, Sustainable Housing & Urban Studies Unit, University of Salford, Salford, UK. 
Harriet Thomson, School of Social Policy, University of Birmingham, Birmingham, UK. 
Jaime Solís Guzmán, Department of Building Construction II, University of Seville, Spain. 
Madelyn Marrero, Department of Building Construction II, University of Seville, Spain. 
 
Abstract 
Fuel poverty, or energy poverty, has traditionally been associated with households that cannot afford to 
keep their homes adequately warm and/or cool due to low income and energy inefficient dwellings. Recent 
studies show a need for a good understanding of levels of vulnerability and how they are shaped by poor 
quality housing and economic circumstances. This work, which examines the current level of vulnerability to 
fuel poverty in a neighbourhood in the Broughton ward of Salford using quantitative data, provides a 
comprehensive tool to assess fuel poverty vulnerability at a local scale in England, the Index of Vulnerable 
Homes (IVH), which evaluates the identification of households in or at risk of fuel poverty. The IVH results 
lead to an evaluation of current fuel poverty indicators in terms of their ability to assess fuel poverty 
vulnerability in England, providing a fuller understanding of the variety of fuel poverty situations, as well as 
recognizing the high prevalence of hidden fuel poverty. Additionally, having used the IVH in both England 
and Spain, it makes possible reflections upon how vulnerability to fuel poverty may differ in these countries, 







Vulnerable households, energy efficiency, energy poverty, fuel poverty, health, thermal comfort 
 
Highlights 
• The size and type of household is a key factor in vulnerability to fuel poverty. 
• Current monitoring indicators fail to recognise hidden fuel poverty. 
• Assessment of thermal comfort helps to understand the seasonality of vulnerability. 
 
1. Introduction 
The term fuel poverty, or energy poverty, has been considered as a manifestation of domestic energy 
deprivation or energy vulnerability, and has been included in a number of EU policy proposals [1]. It is 
important to note that although many academic books and journal papers use the concepts of energy 
poverty (EP) and fuel poverty (FP) with different meanings [2,3], in general the terms EP and FP can be used 
interchangeably [3] and generally understood as the inability to achieve a socially and materially sufficient 
level of domestic energy services [4] or the inability of particular households to achieve the minimum energy 
services necessary to have an acceptable and healthy life [5]. Henceforth this paper refers to FP, understood 
within this broad conceptualisation. 
FP has traditionally been associated with countries with lengthy and cold winters, but it is also known 
that in countries with hot summers households can have high summer energy consumption [6] and there is 
increasing interest in the relationship between FP and hot temperatures [7]. The effectiveness of many FP 
policies is limited by difficulties in targeting households. Two main issues can be identified: ‘exclusion 
inaccuracies’, whereby households that would benefit are not recognised by policy and therefore not 
supported; and ‘inclusion inaccuracies’, whereby households that are not experiencing FP but meet the 
eligibility criteria are awarded support [8]. As a result, there is a risk that those households in greatest need 
are missed, public money is not best deployed, and FP resources are not distributed effectively. The different 
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composition of demographic groups, the scope of the problem, and the variety of types of indicators used to 
measure FP are the main challenges [9].  
Many indicators and definitions of FP have been developed in countries across the EU, for instance 
Ireland, Slovakia, France and the UK all have official frameworks [10], and numerous studies have developed 
methodologies to analyse consumers at risk of being in a FP situation, e.g. [11–14]. However, few empirical 
studies have explored the relationship between FP, thermal comfort, and the effect of living in an 
inadequately heated dwelling [15]. Furthermore, no official definition or measure has been implemented 
across the EU – although the recently adopted Clean Energy Package legislation [16] includes indicative 
guidance. The difficulty of understanding the composition and characteristics of FP, identifying which 
households are most in need of support, and the differences in drivers across countries are key challenges to 
the creation of a common standard [17,18]. 
Another aspect of understanding FP is the identification of its health impacts. Well-established literature 
indicates that living in cold and/or damp housing conditions has significant implications for both morbidity 
and excess winter mortality [19–21]. In addition, FP has been linked to adverse psychological symptoms, 
food insecurity, and poor educational attainment in children [22–25]. In this context, we consider it essential 
to study the relationship between thermal comfort and household health, especially when the mortality risk 
of households living in a cold house can be reduced by over 70% by increasing the indoor temperature to 
WHO (World Health Organization) levels (21°C in living rooms and 18°C in bedrooms) [26].  
A good understanding of levels of vulnerability and how they are shaped by poor quality housing and 
economic circumstances, as well as an appreciation of which measures are most appropriate in which 
setting, is therefore essential for policymakers to be able to most effectively target FP alleviation measures 
[27]. 
In this study, the Index of Vulnerable Homes (IVH) [28] has been adapted to the English context and 
applied to an inner-city area of the Broughton ward, Salford, in order to evaluate the identification of 
households in or at risk of FP. To this end, three different types of households, representing those 
households with the highest rates of FP in England, have been considered. Additionally, a comparative 
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analysis with the 10% and LIHC indicators, both of which have been used for official statistics on FP in UK 
[29], has been undertaken. This leads to an understanding of the advantages and disadvantages of current 
FP indicators in terms of their ability to assess vulnerability to FP. Finally, analysis of the IVH results from its 
application in both England and Spain provides some relevant reflections upon how FP vulnerability may 
differ between these contexts. 
 
2. Description and methodology of the study 
This work uses case study design and quantitative data to examine the current level of FP vulnerability 
in an inner-city area of the Broughton ward, Salford, by applying the IVH [28], identifying and assessing not 
only those households experiencing FP but also those vulnerable to experiencing it. Furthermore, a 
comparative analysis with the 10% and the LIHC indicators highlights the advantages and disadvantages of 
both indicators in terms of their ability to assess vulnerability to FP. The IVH was originally developed within 
the Spanish context and its four main components must therefore be adapted for this UK study: Monetary 
Poverty Indicator (MPI), Energy Indicator (EnI), Comfort Indicator (CI), and Health-Related Quality-Life Cost 
(HRQLC). 
MPI (Monetary Poverty Indicator): It assesses the monetary vulnerability of the household on the basis of 
household net income. Monetary Poverty and Severe Monetary Poverty Thresholds (MPT and SMPT) are set 
according to the economic situation in the studied area (England), and the size and composition of the 
households (expressed with the modified scale provided by the Organization for Economic Co-operation and 
Development (OECD)) [30]). This allows us to define a more precarious level of monetary poverty, identify 
those households with the lowest disposable incomes and, consequently, improve current FP indicators. 60% 
and 40% of the median equivalised disposable income for one person in the UK in 2016, according to 
Eurostat statistics [31], was used as the MPT and  SMPT respectively. This process is further explained by 




Table 1. Monetary thresholds for the UK. Disposable income per person. (Source: Authors’ own analysis). 
Household MPT SMPT 
One adult  £10,393   £6928  
Two adults  £15,590   £10,392  
Two adults and one child  £18,707   £12,470  
Two adults and two children  £21,825   £14,549  
Two adults and three children  £24,943   £16,627  
 
The MPI is defined using equation (1): 
 
 MPI = NI / T        (1) 
 
where NI is net income (calculated by subtracting housing expenditure (rent, mortgage, healthcare 
expenditure, etc.) and water and municipal solid waste management expenditure from the household gross 
income); T is poverty threshold. A household is said to be in monetary poverty or severe monetary poverty if 
its net income falls below the set threshold (MPI < 1.00). 
EnI (Energy Indicator): The energy vulnerability of a household is assessed according to required energy 
consumption. The energy analysis is conducted by setting the energy threshold to the median energy 
consumption required (energy demand) by the type of dwelling in the case study. The EnI is defined using 
equation (2): 
 
 EnI = EC / MEC        (2) 
 
where EC is energy consumption required (modelled demand) and MEC is the median energy consumption 
required (energy demand) for the type of building in the study area. Using modelled demand avoids either 
inclusion effect, where households with an inadequate use of systems (and high energy consumption) are 
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fuel poor, or exclusion effect, where households with low energy consumption because they cannot afford a 
minimum energy consumption are not in FP (hidden fuel poverty). Furthermore, this prevents the influence 
of the characteristics, priorities and customs of households on the energy evaluation. Therefore, the housing 
energy consumption is adequate if it is below the energy threshold, or “admissible” (EnI < 1.00), otherwise it 
is considered “inadmissible” (EnI > 1.00).  
CI (Comfort Indicator): The analysis of FP in relation to thermal comfort has traditionally been 
conducted by using single self-reported indicators, such as the European Union Survey on Income and Living 
Conditions (EU-SILC) [32]. As a novel aspect in the analysis of FP in relation to thermal comfort, the CI 
instead uses the adaptive-thermal comfort model defined in the normative EN 15251:2007 [33]. The 
thermal-comfort analysis is carried out by using the percentage of hours that living spaces fall outside the set 
comfort range. 80% of all hours in thermal-comfort is used as the comfort threshold, meaning that 
occupants may be determined thermally uncomfortable for 5 hours per day, considered to be sleeping hours 
[34]. Category I, the most stringent criteria (comfortable-temperature range between 21.0 °C – 25.5 °C), for 
the living room, and Category III, a wide comfortable-temperature range (comfortable-temperature range 
between 18.0 °C – 27.0 °C), for bedrooms, are used to define the different thermal-comfort ranges according 
to the normative EN 15251:2007 [33]. Note that these criteria follow with the WHO recommendation of a 
minimum temperature of 21.0 °C in living rooms and 18.0 °C in all other rooms [26]. Therefore, households 
will be thermally uncomfortable, the CI result is “inadmissible”, if the percentage of hours fall below the 
comfort range (CI <80%), otherwise the CI result is “admissible” (CI >80%). 
HRQLC (Health-Related Quality-Life Cost): This is another relevant aspect; the possibility of providing the 
costs associated to FP vulnerability. The HRQLC allows for conducting an economic analysis of a vulnerable 
situation, and is defined by ascribing a range of monetary values to the Quality-Adjusted Life Year (QALY) 
[35] defined for each level of vulnerability. The QALY is a traditional measure to assess people’s state of 
health on the basis of 5 different levels of health according to 5 dimensions (Mobility, Self-care, Usual 
activities, Pain/Discomfort, and Anxiety/Depression) by using the EQ-5D-5L Index Value Calculator [36]. The 
cost-effectiveness value of a human life, set between £30,000 – 35,000 for over 7 years by the National 
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Institute for Health and Care Excellence (NICE), was used to assign the HRQLC for each of the thirteen 
vulnerability levels of the IVH in England. The process behind this is explained further by Castaño et al. [28]. 
Note that the QALY and HRQLC are different depending on the analysed country, and therefore must be re-
calculated for each country where the IVH is applied. 
Table 2 shows the IVH adapted to the British context: monetary poverty, energy and comfort indicators, 
QALYs and HRQLC. 
 
Table 2. The IVH’s levels of vulnerability adapted to the British context (Source: Authors’ own). 
Level Variables   QALY HRQLC (£) 
1 MPI: NMP EnI: Admissible CI: Inadmissible 0.837 4890 
2 MPI: NMP EnI: Inadmissible CI: Admissible 0.768 6990 
3 MPI: NMP EnI: Inadmissible CI: Inadmissible 0.725 8250 
4 MPI: MP EnI: Admissible CI: Admissible 0.721 8370 
5 MPI: MP EnI: Admissible CI: Inadmissible 0.689 9330 
6 MPI: SMP EnI: Admissible CI: Admissible 0.602 11,940 
7 MPI: MP EnI: Inadmissible CI: Admissible 0.585 12,450 
8 MPI: MP EnI: Inadmissible CI: Inadmissible 0.478 15,660 
9 MPI: SMP EnI: Admissible CI: Inadmissible 0.312 20,640 
10 MPI: SMP EnI: Inadmissible CI: Admissible 0.212 23,640 
11 MPI: SMP EnI: Inadmissible CI: Inadmissible -0.158 34,740 
12 MPI: MP EnI: Inadmissible* CI: Inadmissible -0.215 36,450 
13 MPI: SMP EnI: Inadmissible* CI: Inadmissible -0.337 40,110 
* The household cannot afford a minimum energy consumption due to a lack of monetary resources. 






2.1. Case study area 
In the UK, social deprivation and health are well documented using deprivation indices [37,38]. The 
Index of Multiple Deprivation (IMD) [39], one of the most widely used deprivation indices for research and 
funding decisions at the ward and district-level, provides a set of relative measures of deprivation for small 
areas (Lower-layer Super Output Areas) across England. This study uses this indicator as the basis for 
targeting and analysing a small area in a very vulnerable situation, mainly underpinned by the relationship 
between deprivation and FP [40], as well as its correlation with mortality and morbidity [41]. Broughton is 
Salford’s second largest ward by population. According to the Low Income High Cost (LIHC) indicator, it has a 
higher rate of FP (13%) in comparison with Salford and England (9.5% and 11.0%), and is in the most 
deprived decile of the IMD [38]. 102 households in the Broughton ward were selected for this study, having 
been chosen at random from the Energy Performance Certificate (EPC) database. It is worth noting that, 
although not all residents of deprived areas are deprived, and not all deprived people live in deprived areas, 
there is some remarkable correspondence to the spatial patterns [42]. As explained above, the strong 
relationship amongst area deprivation, FP, mortality, and morbidity, underpin the selection of this ward for 
this study. 
 
2.1.1. Characteristics of dwellings 
The archetypal housing type in our case study area is pre-1919 terraced housing (it represents 25.2% of 
the housing stock in England [43]). Data from energy performance certificates [44] and the Typology 
Approach for Building Stock Energy Assessment (TABULA) project [45], have been used to define the 
characteristics of the dwellings within the area of study. The DesignBuilder software [46] combined with the 
dynamic thermal-comfort software EnergyPlus 7.0 [47], has been used to simulate one year of operation and 
indoor temperature. This allows the required energy consumption (modelled demand) applied to all end 
uses of the dwelling to be calculated. 
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Two types of dwellings exist in the sample analysed depending on the floor area, 62 m2 and 119 m2, and 
the EPC rating, score 35 (band F) and score 15 (band G). Tables 3 and 4 describe the dwelling construction 
and the characteristics of dwelling systems. 
 
Table 3. Description of dwelling construction (Pre-1919 terraced house) [45].  
Element Description U-values (W/m2K) 
Walls Solid brick, as built, no insulation 2.10 
Roof Pitched without insulation 2.30 
Floor Reinforced concrete raft with no insulation added 0.81 
Ground floor Suspended timber above a ventilated underfloor void 1.50 
Windows Double glazed windows in wooden frames 4.80 
Doors Wooden door with frames of similar material 3.00 
Party wall Same as external walls 1.97 
 
Table 4. Characteristics of dwelling systems [44]. 
Floor area (m2) EPC rating System Description 
62 35 (F) Heating Room heaters, mains gas 
Domestic hot water Gas instantaneous at the point of use 
Others Electricity 
119 15 (G) Heating Portable electric heaters for most rooms 
Domestic hot water Electric instantaneous equipment at the point of use 
Others Electricity 
 
The heating pattern and the operational parameters were set to calculate the energy consumption 
required by the analysed dwellings. The heating pattern during the simulation was set according to the times 
set out in the SAP guidance issued by BRE Group (from 7 am until 9 am in the morning and 4 pm until 11 pm 
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in the evening) [48]. Table 5 shows the operational parameters established for each room type. It was taken 
into account that householders could spend most of their time at home and it was recognised that 
vulnerable householders, who spend a substantial part of their time at home, for instance unemployed, 
students, or severely disabled people, may need special consideration.  
 
Table 5. Occupancy profile used in the simulation. 
Room occupied Monday to Friday (Times of the day) Saturday and Sunday (Times of the day) 
Living Room 9am – 12pm; 1pm – 6pm; 
7pm – 11pm 
10am – 12pm; 1pm – 6pm; 
7pm – 11pm 
Kitchen and Dinning 8am – 9am; 12pm – 1pm; 
6pm – 7pm 
9am – 10am; 12pm – 1pm; 
6pm – 7pm 
Bedroom 1 11pm – 8am 11pm – 9am 
 
The required energy consumption (modelled demand) of the analysed dwellings depending on the floor 
area and the EPC rating from the modelling simulation of the typologies was defined as 32,604 kWh/year 
and 60,095 kWh/year for dwellings with 62 m2 and 119 m2 respectively. In comparison with most other 
European countries, the UK housing stock is relatively old and has poor insulation. Consequently, households 
have additional energy consumption to maintain a comfortable level of thermal comfort. Latest data on 
domestic energy consumption in the UK shows a decrease in the energy demand from 2016 due to the 
gradual improvement of housing stock to more energy efficient houses, leading currently to a median energy 
consumption (energy demand) of 40,116 kWh/year [49]. In this sense, a combination of energy-efficiency 
measures, the most common combination according to the National Efficiency Data-Framework (NEED) 






2.1.2. Characteristics of households 
This work aims to provide an analysis at the local level that incorporates regional diversity of income 
levels, resource availability and socioeconomic characteristics of residents living in FP vulnerability. To this 
end, three different types of households, which represent the standard households with the highest rates of 
FP in England [29], were defined. The main data sources used to define each household were the English 
Housing Survey (EHS), which collects household-level information on housing circumstances and is used for 
official statistics on FP in England [43,51,52], and the Annual Fuel Poverty Statistics Report [29]. Table 6 
summarizes the three analysed households according to household size (within the case study area, 48 
households contain one adult, 25 two adults, and 29 two adults with one child) [53], housing cost depending 
on the household’s composition (median housing cost for owners representing the most common tenure in 
England) [29], income (income distribution by decile after tax within the range 1st – 7th is analysed for each 
household size) [54], tenure (43% of households in FP are the owner, while just 20% are privately rented. 
Then owner is the typology of tenure analysed for each household size) [29], and water and sewerage bill 
(average annual water and sewerage charges in England) [55]. 
 
Table 6. Characteristics of analysed households. 




Tenure Water and sewerage bill 
(£/year) 
1.- Households with one 
adult (n=48) 
5247 Deciles 1st to 
7th after tax 
Owner 395 
2.- Households with two 
adults (n=25) 
7102  
3.- Households with two 
adults and one child 
(n=29) 
7950  




3. Results and discussion 
This section presents the analysis from the application of the IVH to the households in the selected area 
(section 3.1). In addition, the impact of an energy-efficiency intervention on the dwelling, with the intention 
of addressing the level of vulnerability to FP, has been assessed (section 3.2). Finally, a comparative analysis 
with the 10% and LIHC indicators, which have been used for official statistics on FP in UK [29], has been 
made in section 3.3. 
 
3.1. Evaluation of the level of vulnerability 
After setting out the British context and defining the proposed case study area, this section presents 
results from the application of the IVH. The first step is to define the thresholds for the variables. 
MPI (Monetary Poverty Indicator): According to Table 1 the MPT is set at £10,393 for household type 1 
(one adult), £15,590 for household type 2 (two adults) and £18,707 for household type 3 (two adults and 
one child). The SMPT is set at £6,928 for household type 1, £10,392 for household type 2 and £12,470 for 
household type 3. The following Table 7 shows the MPI status for each of household types defined in Table 
6. 
 
Table 7. Results of the MPI depending on the type of household. 
Household size Income decile MPI 
1.- One adult 1st  Severe monetary poverty 
 
2nd-3rd  Monetary poverty 
 
4th-7th  No poverty 
2.- Two adults 1st-4th  Severe monetary poverty 
 5th-6th  Monetary poverty 
 7th  No poverty 
3.- Two adults and one child 1st-5th  Severe monetary poverty 
6th Monetary poverty 
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7th  No poverty 
 
EnI (Energy Indicator):  The energy threshold is set at the median energy consumption required (energy 
demand) by the type of dwelling - pre-1919 terraced house - in the case study, as obtained from the annual 
fuel poverty statistics in the UK [29]: 13,793 kWh/year and 25,648 kWh/year for dwellings with 62 m2 and 
119 m2 respectively. The housing energy consumption is adequate if it is below the energy threshold, or 
“admissible” (EnI < 1.00), otherwise it is considered “inadmissible” (EnI > 1.00). Table 8 shows EnI results 
depending on the characteristics of dwellings analysed. 
 
Table 8. Results of the EnI depending on the characteristics of dwellings. 
Floor area  
(m2) 
Total energy consumption 
(kWh/year) 
Energy consumption threshold 
(kWh/year) 
EnI 
62 32,604 13,793 Inadmissible 
119 60,095 25,648 Inadmissible 
 
The Buildings Performance Institute Europe (BPIE) considers old and inefficient residential buildings as 
those where energy demand exceeds 200 kWh/m2 [56], and this underpins this result for the analysed 
dwellings (494 kWh/m2 and 505 kWh/m2 for dwellings with 62 m2 and 119 m2, respectively). 
CI (Comfort Indicator): According to the explanation given in section 2, the comfort threshold has been 
set at 80% of the hours in which the living areas must be within the thermal comfort ranges. After analysing 
the number of hours in thermal comfort from the modelling simulation, the CI is “admissible” during 
summer (CI > 80%) but “inadmissible” during winter, spring and autumn (CI < 80%). 
Table 9 shows the vulnerable situation of three types of households who are living in a pre-1919 
terraced house in the analysed area of the Broughton ward of Salford. 
 
Table 9. Results of the IVH application. 
Household size Income decile Season IVH HRQLC* (£/year) 
1. Households with one adult (n=48) 1st (SMP) Summer 10 1,534,320 
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Remainder 11  
 
2nd-3rd (MP) Summer 7 713,184 
Remainder 8  
 
4th-7th (NP) Summer 2 380,544 
Remainder 3  
2. Households with two adults 
(n=25) 
1st-4th (SMP) Summer 10 799,125 
Remainder 11  
 5th-6th (MP) Summer 7 371,450 
Remainder 8  
 7th (NP) Summer 2 198,200 
 Remainder 3  
3. Households with two adults and 
one child (n=29) 
1st-5th (SMP) Summer 10 926,985 
Remainder 11  
6th (MP) Summer 7 430,882 
Remainder 8  
 7th (NP) Summer 2 229,912 
 Remainder 3  
*HRQLC represents total cost the National Health Service (NHS) has per life year saved of those households living in the 
analysed area. 
SMP: Severe Monetary Poverty; MP: Monetary Poverty; NP: No Poverty; n: number of households. 
 
The main conclusion from Table 9 is that the analysis of the different household typologies highlights 
the importance of the size and type of household in a situation of vulnerability to FP. This result reinforces 
the fact that, assuming household income is constant, the larger the size of the household, the greater the 
vulnerability of the home [57]. Recent fuel poverty statistics support this result, where the average fuel 
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poverty gap for one adult is among the lowest at £291, with multi-person households seeing the highest at 
£493 [29]. 
 
3.2. Dwelling improvement: energy-efficiency intervention 
In this section, an energy-efficiency intervention, which can be defined as a procedure to renew or 
change systems, dwelling fabric or use of controls to improve the energy performance of homes [58], is 
assessed in relation to the IVH, showing how owners and housing providers could reduce current 
vulnerability and improve households’ quality of life. 
The proposed intervention consists of installing a combination of energy-efficiency measures: solid wall 
insulation, loft insulation, and UPVC (unplasticized polyvinyl chloride) double glazing windows, representing 
the most common combination of energy-efficiency measures used in England according to the National 
Efficiency Data-Framework (NEED) project [50]. The required energy consumption (modelled demand) of the 
dwellings after the energy-efficiency intervention has been obtained by using the energy modelling package 
SAP, currently the tool used to predict energy consumption for new build properties in England [48]. Note 
that the new dwelling configurations would have associated SAP values of 59 and 55 (band D) improving the 
initial EPC rating from F and G to D. The energy consumption (modelled demand) of the dwellings would also 
be reduced to 10,664 kWh/year and 23,562 kWh/year for dwellings with 62 m2 and 119 m2 of floor area. 
Taking these values into account the results of the EnI after installing the selected combination of energy-
efficiency measures are “admissible” in both cases. 
The thermal comfort analysis after the energy-efficiency intervention, which was obtained from the 
dynamic thermal simulation of the new dwelling configurations in the modelling software, shows that the 
percentage of hours in thermal comfort would be increased after the energy-efficiency intervention in all 
living spaces, leading to the home becoming comfortable in spring (CI > 80%). The CI is then “admissible” 
during summer and spring (CI > 80%). The CI is however “inadmissible” during winter and autumn (CI < 80%). 
The following Table 10 shows the IVH results after the energy-efficiency intervention and shows the 
reduction in the level of FP vulnerability, the improvement of household health, and the potential savings to 
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the NHS. Note that the MPI has not changed from the initial stage, as the monetary poverty situation of the 
household (social aspect) has remained the same: only the technical characteristics of dwellings have 
changed. 
 
Table 10. Results of the IVH application after (& before) the energy-efficiency intervention. 
Household size Income decile Season IVH HRQLC* (£/year) 
1. Households with one 
adult (n=48) 
1st (SMP) Su & Sp 6 (10) 781,920 
W & A 9 (11) (1,534,320) 
2nd-3rd (MP) Su & Sp 4 (7) 424,800 
W & A 5 (8) (713,184) 
4th-7th (NP) Su & Sp - (2) 117,360 
W & A 1 (3) (380,544) 
2. Households with two 
adults (n=25) 
1st-4th (SMP) Su & Sp 6 (10) 407,250 
W & A 9 (11) (799,125) 
5th-6th (MP) Su & Sp 4 (7) 221,250 
W & A 5 (8) (371,450) 
7th (NP) Su & Sp - (2) 61,125 
W & A 1 (3) (198,200) 
3. Households with two 
adults and one child 
(n=29) 
1st-5th (SMP) Su & Sp 6 (10) 472,410 
W & A 9 (11) (926,985) 
6th (MP) Su & Sp 4 (7) 256,650 
W & A 5 (8) (430,882) 
7th (NP) Su & Sp - (2) 70,905 
W & A 1 (3) (229,912) 
*HRQLC represents total cost the NHS has per life year saved of those households living in the analysed area. 
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Su: summer; Sp: Spring; W: Winter; A: Autumn; SMP: Severe Monetary Poverty; MP: Monetary Poverty; NP: No 
poverty; n: number of householders. (brackets): results before the EE intervention. 
 
These results highlight that the higher income deciles would not have a vulnerable situation in summer 
and spring after the energy-efficiency intervention, and would have only a level 1 of vulnerability in winter 
and autumn. Furthermore, it is important to highlight that a comfortable situation would be achieved in 
spring, leading the initial level of vulnerability in spring to be reduced. The results also reaffirm the fact that 
the larger the household, the more difficult it is to reduce the level of vulnerability. Note that although the 
energy efficiency of the dwelling would have been improved considerably, and households would be living in 
a more energy efficient house with a lower energy demand, the mental and physical stresses related to living 
in monetary poverty are likely to persist and these relate not only to energy but also to other aspects of 
household life such as diet and socialising. This analysis implies the possibility of revising the current 
eligibility criteria for FP financial benefits and ensuring that vulnerable consumers will be able to afford a 
minimum level of energy consumption after the intervention. 
 
3.3. Comparative analysis with the 10% and LIHC indicators 
To show the practical consequences of this work as well as evidence of how it could help to assess 
vulnerability to FP in England, a comparative analysis with current FP indicators (10% and LIHC) in terms of 
their ability to assess vulnerability to FP has been conducted (Figure 1). 
LIHC indicator: This measure defines FP as when “the household income is lower than the poverty 
threshold and their energy expenditure is higher than the median threshold” [59]. According to this definition 
and the latest FP statistics, it can be deduced that those households who cannot pay their energy bill, 
because of a lack of monetary resources but who live in an energy efficient dwelling after an energy-
efficiency intervention would not be considered to be fuel poor. In this example, this would apply to 
households with one adult within the 1st income decile, two adults within the 1st – 4th income deciles, and 
two adults and one child within the 1st – 5th income deciles in Table 10. Despite this lack of recognition the 
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household may still experience poverty and have to make difficult decisions characterised by the “heating or 
eating” [24] dilemma. It could therefore be said that they are in hidden fuel poverty (HFP) [60] (levels 4 – 6 
and 12 – 13 of the IVH, in Figure 1). This implies an exclusion effect, or false negative, where a household is 
not fuel poor by official measurements but nonetheless experiences poverty relating to energy. 
A recent critical analysis by Middlemiss [61] argues that the LIHC obscures the effect of energy prices on 
levels of FP and tends to overemphasise the role of energy-efficiency improvements in its alleviation. The 
IVH responds to this by recognising that a household can continue to experience poverty after energy-
efficiency improvements have taken place and by helping to identify the particular aspect (monetary 
resources or technical characteristics) needing to be addressed.   
10% indicator: According to this measure a household is in FP when it does not “have adequate energy 
services for 10 per cent of income” [57]. Whilst England stopped using this indicator in 2013, the remaining 
devolved nations of the UK continued to make use of the 10% indicator. The most notable weakness of this 
indicator is that those households who have a high energy consumption but are not poor would nevertheless 
be recognised as fuel poor. In this study this would apply to households with one adult within the 4th – 7th 
income deciles and multi-person households within the 7th income decile in Table 10 and leading to a higher 
rate of households being found to be fuel poor (levels 1 – 3 of the IVH, see Figure 1 for detail). This is an 
inclusion effect, or false positive, in that households that are not experiencing poverty are captured by the 
indicator. Furthermore, this indicator presents similar challenges, as does the LIHC indicator, when analysing 
the real improvement for households after an energy-efficiency intervention: it would exclude households 
who are monetary poor, but are living in an energy efficient dwelling. 
The following Figure 1 compares results from the MPI and EI with expected results from the 10% and 
LIHC indicator for each level of vulnerability. It shows a graphical comparative analysis of the IVH with the 
10% and LIHC indicators, in addition to representing the HFP and “heating or eating” effect within the IVH, it 
highlights how the previous FP indicators do not take it into consideration. For example, it illustrates that 
levels 1 – 3 correspond to potential false positives when using the 10% measure and that levels 4 – 6 and 
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levels 12 – 13 correspond to potential false negatives when using the LIHC measure. Note that only levels 7 – 
11 would overlap with both 10% and LIHC indicators recognising those households in FP. 
 
Figure 1. Comparative analysis: IVH, LIHC, 10%, HFP and "heating or eating" effect. 
 
This comparative analysis exposes limitations of the LIHC and 10% indicators and demonstrates that they 
create false negatives and false positives when applied across England. It also suggests that HFP and the 
“heating or eating” effect would not be recognised under either indicator. The IVH therefore has the 
potential to reduce these two main inaccuracies discussed above - exclusion and inclusion. This work shows 
how housing providers in Salford could help households vulnerable to FP to pay their energy bills by making 
effective use of current financial benefits for vulnerable households during winter in England, for instance 
Winter Fuel Payments [62], Cold Weather Payments [63] and Warm Home Discount [64]. Note that, unlike 
the IVH, neither the LIHC and 10% indicators provide an economic analysis of the level of vulnerability to FP, 
and the IVH is therefore better able to estimate savings and costs to the NHS. 
Additionally, according to the previous application of the IVH in Spain [28], it is possible to reflect upon 
how the Spanish and British contexts may differ. For example, these results reveal and provide a way of 
analysing the impact that climatologic factors of the studied area have on levels of vulnerability. The first 
case study, set in the south of Spain, showed a higher level of vulnerability during winter, which is a 
relatively short period of cold weather, while this case study in England reveals a greater level of 
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vulnerability in spring, winter and autumn, a longer cold period. As a result, the energy-efficiency measures 
recommended in the Spanish case study were aimed at a reduction of energy consumption in hot seasons, 
while the British case study focuses on reducing the energy consumption for heating in cold seasons.  
It is important to note that some limitations can be noted in relation to the application of the IVH in other 
countries. These relate to the data requirements, for instance the MPI will require the adaptation of the MPT 
and SMPT (set in accordance with Eurostat statistics for European countries); the EnI will require the 
adaptation of the MEC (set according to data availability on median energy consumption required for the 
housing sector); and the CI will require the adaptation of the thermal comfort range (the UNE EN 
15251:2007 [33] that may be used in European countries, and the adaptive model ASHRAE 55-2010 [65] for 
the others). Furthermore, the HRQLC will require the monetary value placed on human life to ascribe to a 
QALY (set by the National Health Service in this, UK, context). Additionally, when understanding the spatial 
patterns of FP at the regional level, further research is needed. In this case, the IVH would be adapted to the 
latest trend towards capturing regional FP [66–68]. However, it should be highlighted that these new 
methodologies still fail to assess the remaining FP vulnerability after carrying out an energy-efficiency 
intervention and to provide an economic analysis of FP vulnerability. 
 
4. Conclusions 
This work demonstrates how the IVH can support both current policy delivery and implementation of 
alternative measures to addressing FP in England, by identifying households in greatest need, deploying 
public money prudently, and distributing FP resources effectively. The IVH, which was developed in Spain, 
has been adapted to the British context and applied to a particular case study in Salford, showing how 
vulnerable homes at risk of FP could be identified. The case study used in this work, selected via the IMD, is 
comprised of 102 households and represents a small geographical area with high vulnerability to FP. 
Furthermore, the dwelling type is pre-1919 terraced housing, representing 25.2% of the housing stock in 
England, and the three types of households defined represent the standard households with the highest 
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rates of FP in England, providing local (city of Salford) and national (England) diversity of income levels, 
resource availability and socioeconomic characteristics. 
The main conclusion from the case study analysis is the importance of household size and type in relation 
to vulnerability to FP. The proposed energy-efficiency intervention (the most common combination of 
energy-efficiency measures used in England) shows a reduction in FP vulnerability and highlights that the 
larger the household, the more difficult is to reduce the level of FP vulnerability. Furthermore, this shows 
that although dwellings would have been improved considerably after an energy-efficiency intervention, due 
to a lack of monetary resources, those low-income households would still have difficulties in paying their 
energy bills, and could therefore potentially remain in a situation of FP vulnerability. 
Additionally, the assessment of thermal comfort in the dwelling made by the IVH evidences a potential 
for understanding the seasonality of vulnerability, as well as for determining optimal energy-efficiency 
measures. In addition, the relationship between FP and high energy consumption for cooling during warmer 
periods could be assessed, leading to a richer multi-dimensional analysis of FP. This is an important 
consideration when taking into account future situations of FP vulnerability due to climate change, and the 
implication of an unusual increase in the energy demand in England due to higher temperatures during 
summer. Furthermore, unlike current FP indicators used in England to assess FP, the economic analysis 
provided by the IVH allows for an estimation of savings to the NHS and therefore aids understanding of the 
economic and societal impact of policy decisions. 
Regarding a recent call of the EU Parliament [69] in which it requested an evaluation of whether enough 
protection has been provided to citizens by current measures and indicators, the comparative analysis with 
the 10% and LIHC indicators hints at limitations of current FP indicators in terms of their ability to assess a FP 
situation fully and to provide a nuanced way of determining the level of vulnerability to FP in England. This 
has the potential for the HFP and “heating or eating” effect to remain undetected, evidencing the limitation 
of current tools to ensure that vulnerable consumers have access to basic energy services and that FP is 
reduced, suggesting that there is scope for refinement of the official indicators. 
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In view of relevant recommendations for policymakers to develop effective FP measures, this work shows 
that household size and income levels are key common factors in FP vulnerability; energy-efficiency 
interventions partially reduce households FP vulnerability; and effective FP measures must be defined 
according to housing, socioeconomic, environmental and climatological factors in each country. In 
conclusion, the IVH is therefore a comprehensive tool to assess FP vulnerability at a local scale in England. 
 
Funding 
This work was supported by Eaga Charitable Trust [GB1088361], and the COST Action “European Energy 
Poverty: Agenda Co-Creation and Knowledge Innovation (ENGAGER) [CA16232]. 
 
References 
[1] S. Bouzarovski, S. Petrova, R. Sarlamanov, Energy poverty policies in the EU: A critical perspective, 
Energy Policy. 49 (2012) 76–82. doi:10.1016/j.enpol.2012.01.033. 
[2] A.D. Sagar, Alleviating energy poverty for the world’s poor, Energy Policy. 33 (2005) 1367–1372. 
doi:10.1016/j.enpol.2004.01.001. 
[3] K. Li, B. Lloyd, X.J. Liang, Y.M. Wei, Energy poor or fuel poor: What are the differences?, Energy Policy. 
68 (2014). 
[4] S. Bouzarovski, S. Petrova, A global perspective on domestic energy deprivation: Overcoming the 
energy poverty-fuel poverty binary., Energy Research and Social Science. 10 (2015) 31-40. 
doi:10.1016/j.erss.2015.06.007. 
[5] L. Middlemiss, R. Gillard, Fuel poverty from the bottom-up: Characterising household energy 
vulnerability through the lived experience of the fuel poor, Energy Research & Social Science. 6 (2015) 
146–154. doi:https://doi.org/10.1016/j.erss.2015.02.001. 
[6] C. Sánchez-Guevara Sánchez, A. Mavrogianni, F.J. Neila González, On the minimal thermal habitability 
conditions in low income dwellings in Spain for a new definition of fuel poverty, Building and 
Environment. 114 (2017) 344–356. doi:10.1016/j.buildenv.2016.12.029. 
23 
 
[7] H. Thomson, N. Simcock, S. Bouzarovski, S. Petrova, Energy poverty and indoor cooling: an 
overlooked issue in Europe, Energy and Buildings. (2019). 
doi:https://doi.org/10.1016/j.enbuild.2019.05.014. 
[8] T. Sefton, AIMING HIGH - An evaluation of the potential contribution of Warm Front towards meeting 
the Government’s fuel poverty target in England, London, (2004). 
https://www.eagacharitabletrust.org/app/uploads/2016/03/case-sefton-eagapct-
finalreport031104.pdf. 
[9] R. Castaño-Rosa, J. Solís-Guzmán, C. Rubio-Bellido, M. Marrero, Towards a multiple-indicator 
approach to Energy Poverty in the European Union: a review, Energy and Buildings. 193 (2019) 36–48. 
doi:https://doi.org/10.1016/j.enbuild.2019.03.039. 
[10] H. Thomson, C. Snell, C. Liddell, Fuel poverty in the European Union: a concept in need of definition?, 
People, Place & Policy. 10/1 (2016) 5–24. doi:10.3351/ppp.0010.0001.0002. 
[11] M. Santamouris, J.A. Paravantis, D. Founda, D. Kolokotsa, P. Michalakakou, A.M. Papadopoulos, N. 
Kontoulis, A. Tzavali, E.K. Stigka, Z. Ioannidis, A. Mehilli, A. Matthiessen, E. Servou, Financial crisis and 
energy consumption: A household survey in Greece, Energy and Buildings. 65 (2013). 
doi:10.1016/j.enbuild.2013.06.024. 
[12] A. Pérez-Fargallo, C. Rubio-Bellido, J.A. Pulido-Arcas, M. Trebilcock, Development policy in social 
housing allocation: Fuel poverty potential risk index, Indoor and Built Environment. 26 (2017) 980–
998. doi:10.1177/1420326X17713071. 
[13] K. Fabbri, Building and fuel poverty, an index to measure fuel poverty: An Italian case study, Energy. 
89 (2015) 244–258. doi:10.1016/j.energy.2015.07.073. 
[14] P. Florio, O. Teissier, Estimation of the Energy Performance Certificate of a housing stock 
characterised via qualitative variables through a typology-based approach model: A fuel poverty 
evaluation tool, Energy and Buildings. 89 (2015) 39–48. doi:10.1016/j.enbuild.2014.12.024. 
[15] J.D. Healy, J.P. Clinch, Fuel poverty, thermal comfort and occupancy: results of a national household-




[16] European Commission, Clean Energy For All Europeans, European Commission Communication: 
Brussels, (2016). 
[17] S.T. Herrero, Energy poverty indicators: A critical review of methods, Indoor and Built Environment. 
26 (2017) 1018–1031. doi:10.1177/1420326X17718054. 
[18] H. Thomson, S. Bouzarovski, C. Snell, Rethinking the measurement of energy poverty in Europe: A 
critical analysis of indicators and data, Indoor and Built Environment. (2017) 1–23. 
doi:10.1177/1420326X17699260. 
[19] H. Thomson, C. Snell, S. Bouzarovski, Health, Well-Being and Energy Poverty in Europe: A 
Comparative Study of 32 European Countries, International Journal of Environmental Research and 
Public Health. 14 (2017). doi:10.3390/ijerph14060584. 
[20] J. Rudge, R. Gilchrist, Measuring the health impact of temperatures in dwellings: Investigating excess 
winter morbidity and cold homes in the London Borough of Newham, Energy and Buildings. 39 (2007) 
847–858. doi:https://doi.org/10.1016/j.enbuild.2007.02.007. 
[21] J. Rudge, R. Gilchrist, Excess winter morbidity among older people at risk of cold homes: a population-
based study in a London borough, Journal of Public Health. 27 (2005) 353–358. 
http://dx.doi.org/10.1093/pubmed/fdi051. 
[22] Marmot Review Team, The health impacts of cold homes and fuel poverty, London, (2011). 
[23] C. Liddell, C. Guiney, Living in a cold and damp home: Frameworks for understanding impacts on 
mental well-being, Public Health. 129 (2015). doi:10.1016/j.puhe.2014.11.007. 
[24] C. Liddell, The impact of Fuel Poverty on Children, Save the Children, (2008). 
[25] C.N.B. Grey, T. Schmieder-Gaite, S. Jiang, C. Nascimento, W. Poortinga, Cold homes, fuel poverty and 
energy efficiency improvements: A longitudinal focus group approach, Indoor and Built Environment. 
(2017) 1420326X17703450. doi:10.1177/1420326X17703450. 
[26] D. Ormandy, V. Ezratty, Health and thermal comfort: From WHO guidance to housing strategies, 
Energy Policy. 49 (2012) 116–121. doi:10.1016/j.enpol.2011.09.003. 
25 
 
[27] S. Scarpellini, P. Rivera-Torres, I. Suárez-Perales, A. Aranda-Usón, Analysis of energy poverty intensity 
from the perspective of the regional administration: Empirical evidence from households in southern 
Europe, Energy Policy. 86 (2015) 729–738. doi:https://doi.org/10.1016/j.enpol.2015.08.009. 
[28] R. Castaño-Rosa, J. Solís-Guzmán, M. Marrero, A novel Index of Vulnerable Homes: Findings from 
application in Spain, Indoor and Built Environment. (2018) 1420326X18764783. 
doi:10.1177/1420326X18764783. 
[29] Department of Energy and Climate Change (DECC), Annual fuel poverty statistics report 2017, 
London, (2017). https://www.gov.uk/government/collections/fuel-poverty-statistics. 
[30] OECD. OECD framework for statistics on the distribution of household income, consumption and 
wealth, París, n.d. (2013). 
[31] Eurostat, At risk of poverty thresholds EU SILC survey, (2018). 
http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do (accessed January 23, 2018). 
[32] European Comission, European Union Statistics on Income and Living Conditions (EU-SILC), Eurostat. 
(2014). 
[33] BS/EN 15251:2007, Indoor environmental input parameters for design and assessment of energy 
performance of buildings addressing indoor air quality, thermal environment, lighting and acoustics, 
London: BSI, n.d. (2007). 
[34] R.J. De Dear, G.S. Brager, Thermal comfort in naturally ventilated buildings: revision to ASHRAE 
standards 55, Energy and Buildings. 34 (2002) 549–561. 
[35] G.W. Torrance, D. Feeny, Utilities and Quality-Adjusted Life Years, International Journal of Technology 
Assessment in Health Care. 5 (2009) 559. doi:10.1017/S0266462300008461. 
[36] B. van Hout, M.F. Janssen, Y.-S. Feng, T. Kohlmann, J. Busschbach, D. Golicki, A. Lloyd, L. Scalone, P. 
Kind, A.S. Pickard, Interim scoring for the EQ-5D-5L: mapping the EQ-5D-5L to EQ-5D-3L value sets, 
Value in Health : The Journal of the International Society for Pharmacoeconomics and Outcomes 
Research. 15 (2012) 708–15. doi:10.1016/j.jval.2012.02.008. 
[37] J. Adams, V. Ryan, M. White, How accurate are Townsend Deprivation Scores as predictors of self-
26 
 
reported health? A comparison with individual level data, Journal of Public Health (Oxford, England). 
27 (2005) 101–106. doi:10.1093/pubmed/fdh193. 
[38] A. Niggebrugge, R. Haynes, A. Jones, A. Lovett, I. Harvey, The index of multiple deprivation 2000 
access domain: a useful indicator for public health?, Social Science & Medicine. 60 (2005) 2743—
2753. doi:10.1016/j.socscimed.2004.11.026. 
[39] Department of the Environment Transport and the Regions (DETR), Measuring Multiple Deprivation 
at the Small Area Level: The Indices of Deprivation 2000, London, (2000). 
[40] C. Robinson, S. Bouzarovski, S. Lindley, ‘Getting the measure of fuel poverty’: The geography of fuel 
poverty indicators in England, Energy Research & Social Science. 36 (2018) 79–93. 
doi:https://doi.org/10.1016/j.erss.2017.09.035. 
[41] S.G. Howieson, M. Hogan, Multiple deprivation and excess winter deaths in Scotland, The Journal of 
the Royal Society for the Promotion of Health . 125 (2005) 18–22. 
doi:10.1177/146642400512500110. 
[42] The Area Based Analysis Unit. Office for National Statistics 1, Understanding patterns of deprivation, 
Regional Trends. 41 (2009) 93–114. doi:10.1057/rt.2009.7. 
[43] Department for Communities and Local Government, English Housing Survey, 2015: Housing Stock 
Data, London. http://doi.org/10.5255/UKDA-SN-8186-1 (accessed January 25, 2018). 
[44] Department For Communities and Local Government, Energy Performance of Buildings Data: England 
and Wales, (n.d.). https://epc.opendatacommunities.org/docs/guidance (accessed February 18, 
2018). 
[45] BRE Group, Building Typology Brochure England, TABULA Project. (2014). 
http://episcope.eu/communication/download/. 
[46] DesignBuilder, (2017). https://www.designbuilder.com/ (accessed January 25, 2018). 
[47] EnergyPlus, EneryPlus 7.0. (2017). https://energyplus.net/ (accessed January 23, 2018). 
[48] Building Research Establishment, The government’s standard assessment procedure for energy rating 
of dwellings (SAP 2012), (2013). 
27 
 
[49] Department for Business Energy and Industrial Strategy, Energy Consumption in the UK, July 2018, 
London, (2018). https://www.gov.uk/government/statistics/energy-consumption-in-the-uk. 
[50] Department for Business, Energy and Industrial Strategy, NATIONAL ENERGY EFFICIENCY DATA-
FRAMEWORK (NEED), London, (2017). 
[51] Department for Business Energy and Industrial Strategy, English Housing Survey: Fuel Poverty 
Dataset, 2015, London, (2017). http://doi.org/10.5255/UKDA-SN-8228-1 (accessed January 25, 2018). 
[52] Department for Communities and Local Government, English Housing Survey, 2015: Housing costs 
and affordability, London, (2017). 
[53] UK Census Data, Salford, Broughton, (2011). http://www.ukcensusdata.com/broughton-
e05000761#sthash.xYTcukSg.dpbs (accessed February 18, 2018). 
[54] HM Revenue and Customs (HMRC), Personal Incomes Statistics 2014-15, London, (2017). 
[55] Discover Water, Average annual water and sewerage charges across England and Wales households. 
(2018). https://discoverwater.co.uk/annual-bill (accessed January 23, 2018). 
[56] Historic England, Energy Efficiency and Historic Buildings, Application of Part L of the Building 
Regulations to historic and traditionally constructed buildings, 2017th ed., Historic England, (2017). 
https://historicengland.org.uk/images-books/publications/energy-efficiency-historic-buildings-ptl/. 
[57] B. Boardman, Fixing Fuel Poverty. Challenges and Solutions, Earthscan, London, (2010). 
[58] P. Brown, W. Swan, S. Chahal, Retrofitting social housing: reflections by tenants on adopting and 
living with retrofit technology, Energy Efficiency. 7 (2014) 641–653. doi:10.1007/s12053-013-9245-3. 
[59] J. Hills, Getting the measure of fuel poverty. Final Report of the Fuel Poverty Review. Centre for the 
Analysis of Social Exclusion, London, (2012). 
[60] K. Rademaekers, J. Yearwood, A. Ferreira, S. Pye, P. Ian Hamilton, D.G. Agnolucci, J. Karásek, N. 
Anisimova, Selecting Indicators to Measure Energy Poverty, Rotterdam, (2016). 
[61] L. Middlemiss, A critical analysis of the new politics of fuel poverty in England, Critical Social Policy. 37 
(2016) 425–443. 
[62] UK Government (GOV.UK), Winter Fuel Payment, (n.d.). https://www.gov.uk/winter-fuel-payment 
28 
 
(accessed February 22, 2018). 
[63] UK Government (GOV.UK), Cold Weather Payment, (n.d.). https://www.gov.uk/cold-weather-
payment (accessed February 22, 2018). 
[64] UK Government (GOV.UK), Warm Home Discount Scheme, (n.d.). https://www.gov.uk/the-warm-
home-discount-scheme (accessed February 22, 2018). 
[65] ASHRAE, ANSI/ASHRAE Standard 55-2013, Thermal Environmental Conditions for Human Occupancy, 
Atlanta, (2013). 
[66] J.P. Gouveia, P. Palma, S.G. Simoes, Energy poverty vulnerability index: A multidimensional tool to 
identify hotspots for local action, Energy Reports. 5 (2019) 187–201. 
doi:https://doi.org/10.1016/j.egyr.2018.12.004. 
[67] G. Besagni, M. Borgarello, The socio-demographic and geographical dimensions of fuel poverty in 
Italy, Energy Research & Social Science. 49 (2019) 192–203. 
doi:https://doi.org/10.1016/j.erss.2018.11.007. 
[68] F. Martín-Consuegra, F. de Frutos, I. Oteiza, H.A. Agustín, Use of cadastral data to assess urban scale 
building energy loss. Application to a deprived quarter in Madrid, Energy and Buildings. 171 (2018) 
50–63. doi:https://doi.org/10.1016/j.enbuild.2018.04.007. 
[69] European Public Service Union (EPSU), The EU Parliament has included important measures to fight 
energy poverty but ruled out concrete measures to protect the most vulnerable, (2018). 
https://www.epsu.org/article/european-parliament-fails-define-energy-poverty (accessed February 
25, 2018). 
 
